Abstract : Apophyseal ring fracture is a unique disease in children and adolescents. Its clinical features include low back pain, sciatica, paravertebral muscle spasm and tenderness, restricted back motion, neurological symptoms, and tight hamstrings. For all athletes, body flexibility is one of the most important factors for better performance. Therefore, persistent tight hamstrings has a negative influence on athletic performance. In this report, we present two adolescent athletes with apophyseal ring fracture treated successfully by conservative treatment for severe low back pain (LBP) and leg pain, despite having persistent tight hamstrings for more than one year. Unlike herniated nucleus pulposus, bony fragments in the spinal canal never disappear. Although conservative treatment can alleviate LBP and leg pain, surgical removal of fragments is considered when symptoms such as tight hamstrings and restricted lumbar motion due to canal stenosis are found, particularly in athletes. J. Med. Invest. 61 : 446-451, August, 2014
INTRODUCTION
Posterior apophyseal ring fracture is an avulsion fracture characterized by separation of an osseous fragment at the posterior edge of the vertebral body, where fusion the between ring apophysis and the adjacent vertebral body does not complete fully until the age of approximately 18 years (1). Thus, posterior apophyseal ring fracture usually occurs in children and adolescents with immature spines. Although its etiology is unclear, chronic stress and repetitive trauma are thought to be causative factors. Clinical features of posterior apophyseal ring fracture are similar to those of lumbar disc herniation (LDH), for which conservative treatment should initially be given. However, unlike patients with LDH, conservative treatment is not always effective because the bony fragments never resolve spontaneously. Some authors have suggested that the indication for surgical treatment depends on the size of the bony fragment (2) (3) (4) (5) . However, resection of the fractured endplate can lead to instability of the spinal segment. Therefore, conservative treatment is favorable.
Tight hamstrings are typical symptoms of LDH, especially in children, and are related to traction of the cauda equina or nerve roots that innervate the hamstrings. Limitation of forward flexion and poor 
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Case 1
A 12-year-old boy who belongs to a tennis club of his junior high school noticed low back pain (LBP) and bilateral leg pain after rope jumping. He was diagnosed as having lumbar apophyseal ring fracture and referred to our hospital for surgical treatment. On physical examination, neurological findings such as muscle weakness or sensory disturbance were not observed, but the SLRT was positive at 20 degrees on the right and positive at 10 degrees on the left.
Plain radiography revealed a small bony fragment posterior to the upper L4 endplate (Fig. 1) . As vertebral bodies were immature in the cartilaginous stage, no ossification was identified at the corner of the vertebral bodies. Magnetic resonance imaging (MRI) showed central protrusion of the L4/5 disc, but the corresponding bony fragment was not clearly seen ( Fig. 2A , B and C). Computed tomography (CT) revealed an apophyseal ring fracture in the lower L4 endplate (Fig. 3) .
The patient was successfully managed by conservative treatment, and his LBP and leg pain resolved completely. Although he experienced no difficulties in daily life, a limitation of forward lumbar flexion remained at the four-month follow up. His finger to floor distance (FFD) was still about 60 cm, and the SLRT was negative (painless), but limited to 40 degrees on the right and 10 degrees on the left due to tight hamstrings. He still has difficulty in forward lumbar flexion as a tennis player.
Case 2
A 12-year-old girl who was a high-level figure skater experienced severe LBP during practice. She was the high-ranking junior figure skater. Despite refraining from sports activities for two weeks, her LBP increased and right leg pain developed. Physical examination revealed no neurological findings. Range of lumbar motion during flexion was severely restricted due to LBP. FFD was limited to 36 cm, and the SLRT was positive at 40 degrees bilaterally due to leg pain.
On plain radiography, no fracture fragment was clearly seen (Fig. 4) , and vertebral bodies were in the cartilaginous stage. MRI revealed severe central L5/S1 disc protrusions ( Fig. 5A and B) , and CT showed a central curvilinear bony fragment arising from the S1 superior endplate (Fig. 6A and B) . The bony fragment's relationship to the disc protrusion and S1 corner truncation was particularly well demonstrated on reconstructed sagittal images ( Fig. 6A  and B) .
The patient was treated conservatively, and her LBP subsided gradually over six months. At the nine-month follow up, her tight hamstrings had improved. The FFD was 0 cm and SLRT was negative, but limited to 70 degrees on the right. However, she was unable to achieve sufficient flexibility for figure skating so finally retired from the sport. 
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DISCUSSION
The vertebral ring apophysis in the immature spine develops as a cartilaginous rim at the margins of the superior and inferior lumbar endplates (1). Ossification of these cartilaginous processes starts around the age of 5 years, and apophyses are fused to the vertebral bodies by the age of approximately 18 years (1). The vertebral body is firmly attached to the annulus fibrosis by Sharpey fibers (6) . Until this fusion is complete, this osteocartilaginous junction is relatively weak against biomechanical stress (7, 8) .
Apophyseal ring fractures occur frequently at the posterior endplate of L5 and the sacrum (3). Chronic stress and repetitive trauma may cause apophyseal ring fracture, and it can develop insidiously. Acute trauma is also thought to be an important etiologic factor mediating the onset of symptoms (9, 10) . In a biomechanical study, Sairyo et al. used three-dimensional finite element pediatric lumbar models to investigate the effect of ring ossification in the lumbar spine (11) . They found that increased stress under repetitive extension might damage and weaken the posterior ring apophysis during the early stage of bone formation, resulting in avulsion of the weakened posterior corner in response to traction stress during flexion (11) . In the present cases, there were no acute significant traumatic episodes ; repetitive hyperextension and hyperflexion of the lumbar spine during athletic activities might have caused this fatigue phenomenon.
The most common symptoms and physical findings of apophyseal ring fracture include low back pain, sciatica, paravertebral muscle spasms and tenderness, tight hamstrings, restricted back motion, and neurological dysfunction caused by a compressed nerve root (12) . Typical features of this disease are a limitation of forward flexion, restricted SLR, and tight hamstrings due compression of the dura mater. The hamstrings are innervated by the L4-S3 spinal nerves, and their motor fibers are very sensitive to traction (7) . It has been thought that tight hamstrings are related to traction of the cauda equina or the nerve roots that supply the hamstrings (13) . Anatomically, nerve roots in the immature spines are too short in relation to the spinal canal, which may render the nerve roots sensitive to traction, even with minor encroachments compared with adults (14) .
Conservative treatment should be prescribed initially (15) (16) (17) . The principle of conservative treatment is similar to that for an avulsion fracture of the extremities and consists of bed rest, analgesic and nonsteroidal anti-inflammatory drugs, physical therapy, and limited physical activity with lumbar braces. Jack-knife stretching, which can promote flexibility of tight hamstrings, was not prescribed in either case because of the severe pain during forward flexion (18) . Surgical treatment is performed in cases of failed conservative treatment, with persistent back pain adversely affecting the patient's ability with or without neurological deficits (19, 20) .
Most adolescents and adults who are treated surgically for apophyseal ring fractures show good to excellent results, and their symptoms are satisfactorily relieved (2) (3) (4) (5) . In some studies, the clinical results of simultaneous excision of apophyseal fragments with discectomy are satisfactory (3, 4, 21) , while the results of other studies have suggested that only discectomy and decompression have been sufficient (15, 22) . Chang et al. reported patients with small apophyseal fragments that had no clinical significance, but the large apophyseal fragments had more chance of producing chronic back pain and limitations in daily activities (21) . Compared with disc herniation, osseous material may trigger more severe symptoms because the bony fragment never disappears and may lead to bony spinal stenosis (21) . The bony fragments in the present cases were large and therefore occupied a large space in the spinal canal. Although LBP and leg pain were resolved, tight hamstrings, which were thought to be due to canal stenosis, persisted. On the basis of this clinical experience, surgical removal of fragments should be considered when symptoms such as tight hamstrings or restricted lumbar motion due to canal stenosis are found. High flexibility is required by almost all sports. We think that restricted lumbar flexion caused by tight hamstrings is fatal on playing sports. For athletes in particular, surgical removal should be considered.
In this case series we can report only two cases. We should collect same cases and state the treatment algorithm for apophyseal ring fracture. In any case, we should consider the treatment based on various factors such as age, neurological findings, size of bone fragment or the kind of sport.
